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BACKGROUND 

The present invention relates to a substrate with one or more via and pad structures 
for use in circuit assemblies with high reliability and high yield in manufacturing. 

Figure 1 illustrates a printed wiring board (PWB) with a substrate 10 having several 
plated vias such as plated via 35. Each plated via connects to associated conductive 
layers of the substrate 10. The conductive layers are located on the top, bottom, 
and/or in the substrate 10. Another structure is the via and pad structure such as via 
and pad structure 20 shown without a component. Via and pad structure 20 includes 
a solder mask 24, and a conductive trace 26 connecting a conductive pad 22 and a 
plated via 25 with a via hole 28. 

Figure 1 also illustrates that when conductive pad 32 is close to the via hole 38 the 
solder mask 34 will not prevent the solder from being siphoned into the via hole 38. 
The small amount of solder remaining will form an unreliable solder joint 31 at the 
terminal end 37 of the component 33. This problem is referred to as solder wicking. 
Decreasing the inner diameter of the solder mask 34 may reduce the solder wicking, 
but will require that the solder mask 34 be precisely aligned on the plated via 12 to 
avoid covering the via hole 38 and trapping contaminants causing corrosion. Gold 
plating on the plated via 12 may decrease corrosion but will increase solder wicking 
by increasing the wettability of the plated via 12. Solder wicking can also misalign a 
component with respect to a conductive pad such as terminal end 29 of component 
13 which is misaligned with respect to the conductive pad 21. Another approach to 
reduce solder wicking is to move the conductive pad 18 further from the via hole 8, 
but this requires a long conductive trace, such as that covered by solder mask 17, 
which increases trace inductance and degrades performance at high frequencies. 
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Figure 2A is a perspective view and Figure 2B a sectional view of a surface mount 
component 33 on a substrate 10. Figures 2A-2B illustrate the solder wicking problem 
that arises using conventional via and pad structure 30. The unreliable solder joint 31 
is formed on the terminal end 37 of the component 33 because the solder mask 34 is 
not effective due to the capillary action of the via hole 38 in close proximity to the 
conductive pad 32. 
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SUMMARY OF THE INVENTION 



The present invention relates to a substrate with via and pad structures for use in 
circuit assemblies. In an embodiment, the substrate has one or more via and pad 
structures for connecting a component to conductive layers associated with the 
substrate. The via and pad structure includes a plated via connected to associated 
conductive layers, a solder mask surrounding the plated via, and a conductive pad 
with a conductive trace connected to the plated via, wherein the conductive pad 
extends beyond the terminal sides of the component to increase solder formation at 
the terminal sides and the solder mask reduces solder formation at the terminal end 
of the component The via and pad structures are applicable to the circuit layouts for 
a variety of components and high component density can be achieved with reliable 
solder joints to the component terminal sides rather than the terminal end. The 
invention also provides a method for calculating the distance the conductive pad 
extends beyond the terminal side of a component. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a PWB using conventional via and pad structures. 

Figure 2A is a perspective view of a component connected by a pair of conventional 
via and pad structures. 

Figure 2B is a sectional view illustrating an unreliable solder joint formed on a 
terminal end of component when using a conventional via and pad structure. 

Figure 3 illustrates a PWB or printed circuit board using via and pad structures for 
mounting components. 

Figure 4A is a perspective view of a component mounted on a pair of via and pad 
structures. 

Figure 4B is a sectional view illustrating the solder joint formed on the terminal sides 
of the component using the via and pad structures. 

Figure 5 illustrates the relationship, spacing and geometry of the conductive pads. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The following description includes the best mode of carrying out the invention. The 
detailed description is made for the purpose of illustrating the general principles of 
the invention and should not be taken in a limiting sense. The scope of the invention 
is determined by reference to the claims. 

We assign each part, even if structurally identical to another part, a unique reference 
number wherever that part is shown in the drawing figures. A dashed circle indicates 
part of a figure that is enlarged in another figure. Any figure showing the enlarged 
part is indicated by a reference number tied to the dashed circle. 

Figure 3 illustrates a substrate such as a PWB or a printed circuit board with via and 
pad structures for connecting surface mount components. A surface mount 
component such as component 43 has plated terminals 82 and 84 to form solder 
joints 3, 4, 5, and 6 with corresponding conductive pads 86 and 88. The substrate 80 
may include conductive top, bottom, and/or embedded layers. The plated vias such 
as plated via 61, connected to associated conductive layers, can be formed by 
drilling a hole in substrate 80 then plating the hole to form a via hole 67. 

Although components can be arranged along a column or row of the array of plated 
vias, the tight spacing in an array in a typical PWB limits the component to being 
placed diagonally as shown. A component 43 representing, for example, a 0402 size 
(i.e., 0.04" length x 0.02" width x 0.02" height) chip capacitor, shown in the bottom 
right of Figure 3, is oriented diagonally in a space 42, that is, between the keyhole 
shaped solder masks 7 and 9. This orientation keeps the conductive trace to a 
minimal length which minimizes trace inductance causing performance degradation 
such as group delay, self-resonance with capacitive components or frequency roll 
off. 

In via and pad structure 60, the conductive pad 62 has a conductive trace 63 
(covered by the keyhole shaped solder mask 64) and connected to a plated via 65. 
The close proximity of the plated via 65 to the conductive pad 62 means the 
conductive trace 63 is short in length and has low trace inductance. In the illustrated 
embodiment, the conductive pad 62 includes a T-shirt shaped structure of a first arm 
91 , a second arm 92, and a body 93. Preferably, the body 93 extends beyond the 
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length 47 of the arms 91 and 92. The conductive pad 62 has arms 91 and 92 with a 
width 48 that extends beyond the terminal sides of the component (not shown). Via 
and pad structure 69 depicts an alternative embodiment, where conductive trace 90 
connects the conductive pad 99 to the plated via 73 and a ring shaped solder mask 
59 acts as a solder barrier. Conductive pad 99 includes arms 94 and 95 but no body 
such as the body 93 in conductive pad 62. 

The extended conductive pad increases formation of a reliable solder joint on each 
terminal side of the component. This is shown in via and pad structure 50, which has 
the solder joints 41, 51 on the terminal sides 75 and 76. 

Each solder mask such as the keyhole shaped solder mask 54 is made of non- 
conductive and non-wettable material such as an epoxy, a photo imageable solder 
mask, or another suitable material. Solder masks such as solder masks 54 and 64 
are keyhole shaped and have a sufficient width 44 to form a solder barrier despite 
the short length of the conductive traces 56 and 63. For example, a 0402 component 
would overlay the keyhole shaped solder mask 54. The keyhole shaped solder mask 
54 is the same shape as the keyhole shaped solder mask 64 and both have a typical 
width 44 of 3.5 mil and preferably greater to reduce formation of a solder joint such 
as at the terminal end 57 of component 53, which prevents solder wicking. Solder 
joints 41 and 51 form on the terminal sides 75 and 76 and the conductive pad 52. In 
an alternative embodiment, the solder mask 81 covers the substrate 80 partially or 
entirely except for the conductive pads such as conductive pad 98 and the plated via 
holes such as plated via hole 77. 

In an embodiment, the via and pad structure 50 has a conductive pad 52 that 
extends beyond the terminal sides 75 and 76 of the component 53 to increase solder 
formation on arms 96 and 97. In addition, the arms 96 and 97 are preferably 
symmetric to the plated via 55 on the substrate 80 so the solder joints 41 and 51 will 
generate substantially equal surface tension to the terminal sides 75 and 76 of the 
component 53. This keeps the component 53 aligned with the conductive pads 52 
and 98. 

Figure 4A is a perspective view illustrating a component 53 using a via and pad 
structure 50. The keyhole shaped solder mask 54 surrounds the plated via 55 and 
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reduces the formation of a solder joint at the terminal end 57. Solder joints 41 and 51 
form on terminal sides 75 and 76 as well as arms 96 and 97. Because the arms 96 
and 97 are substantially equal areas the solder joints 41 and 51 generate 
substantially equal surface tension during solder reflow that keeps the surface mount 
component 53 aligned with the conductive pad 52. 

Figure 4B is a sectional view of the component 53 shown in Figure 4A illustrating the 
solder joint 51 formed on the terminal side 75 using a via and pad structure 50 on 
substrate 80. The keyhole shaped solder mask 54 reduces or prevents the formation 
of a solder joint at terminal end 57 on the conductive pad 52 thus reducing solder 
wicking where the solder crosses over the keyhole shaped solder mask 54 into the 
via hole 58. 

In another embodiment of the via and pad structure, the wettability of the plated via 
can be reduced by applying a chemically compatible plating finish to the surface of 
the plated via such as a known organic oxidant surface finish or immersion silver. 
This reduces solder wicking during the solder reflow process. 

Figure 5 illustrates the spatial relationship of the via and pad structures to provide a 
method of sizing the conductive pads 86 and 88 that can be implemented in 
computer software. The method shows how to maximize the distance the conductive 
pad extends beyond the terminal side to reduce solder wicking without generating 
any electrical shorts between the conductive pad and the adjacent plated via. The 
method also optimizes component density. As shown in Figure 5, L1 is the center-to- 
center distance between the via hole 15 and the via hole 16. Component 43 has a 
length L3 and a width L4. L2 is the center-to-center distance of the via hole 14 and 
the via hole 16. L2 is also the hypotenuse of a square with sides of length L1 . L5 is 
the length of the conductive pad 86 extending beyond the terminal side. L5 can be 
greater than or equal to the plated terminal 82 of component 43. L7 is half the 
distance between the conductive pads 86 and 88 extending beyond the terminal 
side. L8 is the distance from the center of the via hole 16 to the side of component 
43. Radius R is outer radius of the plated via 19. Distance X is the minimum distance 
between the plated via 19 to the conductive pad 88. L1 1 is the sum of radius R and 
X. The distance X is set as a design rule to prevent solder wicking. A right triangle is 
formed by the sides L7, L9 and L1 1 . Once L1 1 and L7 are known, Pythagorean 
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theorem can be used to solve for L9. Subtracting L9 from L8 gives us L10, which is 
the maximum distance of the conductive pad 88 extending beyond the terminal side 
of the component 43. 

For example, we can calculate the maximum distance L10 for a 0402 component by 
using the following values: L1 = 39.39 mil (1mm), L3 = 40 mil, L4 = 20 mil, L5 = 10 
mil, R= 9.5 mil, and X= 5 mil. 

L2 = L1 / sin 45° = 55.7 mil 

L8 = (L2-L4)/2 = 17.9 mil 

L7 = L3/2-L5 = 10mil 

L11 =R + X=14.5 mil 

L9 = square root (L1 1 2 - L7 2 ) = 10.5 mil 

L10 = L8-L9 = 7.4 mil 

L10 may be then rounded to 7 mil for the layout. This method can be implemented in 
computer software where the variables are represented by values to solve other 
layouts for other component sizes. 
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